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I 


Rbs trac t 


Rn attaapt «aa aada to coaputa tha contributions of 
various surfoca boundary conditions to tha aonthly aaan 
stotas ganaratad by tha 7-1ayar, 8 x 10 CISS cliaata aodal. 

R hiararchy of axpariaants vas run, starting with an all 
watar planat with sonally synaatric saa surfacs taapara turas , 
than adding, ona at a tiaa, flat continants, aountains, 
surfacs physics, and raalistic saa surfaca taapara turas . 

Tha aodal was run with tha sun f t xad at a parpatual January. 

Enssabla asans and standard daviations wars coaputad 
and tha t-tast was usad to dataraina tha statistical 
significancs of tha rasults. 

In addition to sub Jac t i va axaaination of aaps, the 
results ware avaluatsd using spherical harmonic analysis. 

This paper begins with a comparison of tha "flat 
continents* axparimant and tha "mountain* SKparimant. It 
was found that, although tha affects of mountains on tha 
modal climatology are ganarally qualitatively correct, tha 
resulting climate is not always a batter simulation of 
nature. 


Tha addition of realistic surfaca physics does not 
affect tha modal climatology to as large an axtant as does 
the addition of mountains. 

Oaparturas from xonal symmetry of the SST fiald result 
in a bettor simulation of tha real atmosphere. 
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1 n ir oduc t i on 

Canara) circulation aedalo. Including tha CISS cearao 
aaih cliaata aodal IHanaan at. al.. 1980), ara oftan uaad to 
parfora *pra«cribad changa* axpariaanti in which aoaa 
altaration in solar radiation, surfaca boundary conditions, 
or ataesphsric coaposition is spacifiad and tha ataospharic 
rasponsa, i.s. tha affact of tha prascribad changa on tha 
wasthsr or cliaata, is calculatad. In such axpariaants, tha 
spscifisd change is usually aoaa saall perturbation of the 
basic constraints on tha systsa, and tha coaputad rasponsa of 
tha aodal aay ba weaker than tha background noise. Tha 
analysis of these axpariaants would undoubtedly ba aided by a 
better under s t and I ng of tha ways in which the priaary 
c I I as to I og I c a I controls coabine to generate tha basic 
cliaatic state. In this study, an attaapt is aada to coaputo 
the contributions of various surface boundary conditions to 
the aonthly asen states generated by tha 7-1ayar, 8 x 10 CISS 
cliaate aodal. 

For the purposes of tha study, such obvious cliaatic 
controls as tha shape and rotation of tha earth, tha solar 
radiation, and tha dry coaposition of the ataosphara ara 
fixed, and only tha surfaca boundary conditions ara altered 
in tha various siaulations. Tha aodal (version 660) is 
operated at a fixed solar declination, specifically that of 
January 15, initialiiad on January 1, and allowed to siaulata 
25 successive Januaries without going through tha annual 
cycle. Honthly aaans are coaputad for aach January and for 
ansaablas of all but five Januaries, the first five aonths 
being discarded as transients. 

Tha first two axpariaants in this study, aO and al, in 
which all land is allainatad and lonally unifora saa surfaca 
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iaitparaiur* ISST) and ica cevaraga pattarna ara spacifiad, 
ara daacribad in datai) in Spar 11981). Briafly, axpariaant aO 
ia a watar pianat ap i n up. in ahich tha aodal la iniiialiiad 
with globally untfora aaan valuaa of aigaa- laval apacific 
huaiditiaa and toapar a tunas , aa wall as a conatanl aurfaca 
pnaaaura and aaro winds. 

This papar will bagin with axpariaant s2, in which flat 
continants ara placad on tha aarth, with aaro alavation abova 
aaa laval, aaro watar storaga capacity, and unifora surfaca 
albado, in ordar to assass tha tharaal influanca of tha land, 
whila tha aonal distribution of saa ica and SST raaain 
unchangad ovar tha ocaans. Tha aodal is again initial laad 
with tha saaa stata of rast as in tha watar planat spin up 
axpariaant, and is again run for a pariod of 25 Januarias, 
tha first f I va aonths ba i ng discardad. Tha initial surfaca 
albado of Craanland and Antarctica is that of glacial ica, 
hut snow IS sllowad to altar both tha saa ica and continantal 
olbados as coaputad by tha modal. 

Tha af^act of aountnins on tha global aodal climatology 
IS computad by rapsating tha last run, but with tha corract 
aodal tarrain alavation rastorad at aach grid point. 

Howavar, in tha *aountain* axpariaant (run w3) tha modal is 
initializad not only with a stata of rast, but also with a 
complataly dry and isotharmal atmosphara, so that it is 
raquirad to ganarata its own humidity and tamparatura 
distribution. Tha ground albado is still kapt uniform ovar 
tha continants, axcapt whara snow is calculstad, and tha 
watar storaga capacity is ssro in this mountain run. 

Tha cliaatic affacts of variabla surfaca albado and 
watar storaga capacity ovar tha continants ara invastigatad 
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through • ••eond porpotual January aountain axpariaant (run 
aU) in which raaliatic aurfaca physics is addad, and than tha 
influanca of daparturas froa aonal syaaatry of tha 8ST fiald 
la axaatnsd by coaparing tha rasults of tha pravious run with 
tha parpatual January cliaatology ganaratad by tha cooplata 
aodsi (run aS) using tha actual January c I i as to I og i c a 1 SST*s. 


Hodol dascription 

Tha CISS nodal of tha global ataosphara is a 
thrao-d I nans i ona I prinitiva aquation nodal using spharical 
gaonatry. Tha nodal nunarically solvas tha sinultanaous 
aquations for consarvation of nass, anargy, and nonantun, 
and tha aquation of stata. Tha nunarical diffarancing 
schanas for tha dynanics ara basad on tha work of Rrakawa, 
with a tina stap of 15 ninutas. Radiativa haating and 
coding ara conputad with a san i - i np I i c i t spactral 
intagralion which is accurata throughout tha troposphara and 
stratosphar* ond includas all significant atnospharic gasas, 
aarosols, and cloud particlas. Cloud covar is conputad by 
tha nodal. Convaction nixas noistura, sansibla haat, and 
horiiontal nonantun in tha varticsl diraction basad on a 
nodal which parnits panatration to an arbitrary haight. Tha 
ground tanparatura is conputad with a nathod which providas 
raalistic sinulation of both tha diurnal variation of 
tanparatura and saasonal haat storaga. Ground noistura is 
conputad with a two layar nodal i tha watnass of tha uppar 
Isyar rasponds rapidly to avaporation and prac i p i ta t i on 
whila tha daapar layar has a watar holding capacity 
appropriata for tha root lona of tha ragional vagatation. 
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I 

i . 

f 

I 

Snow dapth i« coaputad ovar land and ica with a liapla aaat 

t 

budoat nodal. Fluwaa of sanalbla haat, noisturat and 

} I 

I 

•enaniun batwaan tha turfaca ard atnoaphara ara ebiainad 

I 

froa a drag-law fornulation which anploys a parana tar i la t i on 

» 

of tha Hon i n-Obu Show ainilarity functiona. Saa surfaca 
iaaparatura and aaa ica cowaraga ara apacifiad aaasonally- 
varying boundary conditions. 

Tha nodal usas a grid of 2U points of latituda by 36 
points of longituda. or about B m 10 dagraas. This coarse 
horiiontal rasolution results in coaputing tinas an order of 
nagnituda lass than noraally aaployad in general circulation 
nodals. allowing siaulations of long t i aa periods. To 
coapansata for tha great distance batwaan grid points, the 
spacifisd surface condition for each grid point raprasants 
appropriate fractions of land and ocean. Interactions 
batwaan tha surfaca and tha ataosphora Iradiation, noaantua 
transfer, and latent and sensible haat fluxes) are coaputad 
separately for each surfaca type. 

Tha seven vertical layers usa a sigaa coordinate, so 
that the ground is a coordinate surfaca. The top of the 
dynaaically active portion of the ataosphara is fixed at 10 
abt the ataospharw above is radiativaly interactive «/i th tha 
lowsr levels, with the taaparatura profile above 10 ab 
datarainad by radiative aquilibriua. 
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Hclhedt of data •nslysla 

Tha ftaldi «a hava aalactad for aKaatnation ara the 
horiiental maps of 500 atllibar lab) haightt aaa laval 
praasura I8LP) • tha avaraga taaparatura in tha layar batvaan 
ISO ab and 700 ab. prac 1 p i tat I an and aurfaca taaparatura, 
and aaridianal craaa aactiana af lanal aaana of taaparatura 
and tha thraa caapananta of tha wind. 

Ta auppiaaant tha subjactiva analyaia af thaaa fialda, 
tha apactral caapananta af tha firat thraa hariiantal aapa 
listad abava ara aaaainad uaing tha aathad af apharicai 
haraanic analyaia daacribad in Christidia and Spar 11901). 

Tabia 1 liata tha dagraa In) and ardar In) af tha tan 
laading harnenica Iwith tha axcaptian of tha 0.0 caapanant, 
which rapraaants tha global naan valua) af SLf. layar 
taaparatura. and 500 ab haight for runa *2. a3. all, and *5. 

For tha n.n-th haraanic. a is tha aonal 1 1 ong i tud • na I ) wava 
nuabar. wh i 1 a n-a raprssants tha nuabar of nodal parallals- 
Rlao tabulatad ara tha aaplituda IR) . in physical units, and 
tha phase angle lb), in degrees, of each hsraonic. 


Rs in Chervin 11900a and 1900b). tha results are 
analytad by coaputing, for aaeh axparinant. ansaabla aaans 
and ansaabla standard deviations of the 20 Januaries. These 
statistics ara than usad to calculjta. with tha standard 
Studant's t'tast. the confidence levels at which tha 
ansaabla aaans of each pair of axpariaants can ba Judged to 
ba s i gn i f I c an t I y oiffarant. 

Tha test variate, t. is defined, as in Charvin and 


Schneider 11970). to ba 
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r (v) ■ ^ a'*' a'“ dt 
Contour aapa and c rota - aac t i ona of 0 aro than plotted 
with contour Imaa for .05, and aultiplaa of 0.10. 

On thaaa aapt and c roaa-aac t i ona , larga continuoua araaa 

whara tha difforancaa batwaan tha anaaabla aaana ara 


Significant at tha 17 . laval appaar aa claar araaa, and araaa 
whara tha difforancaa ara not significant --whara tha 
*aignal" cannot ba aaan through tha *noiaa*-- ara ganarally 
cewarad with closaly apacad contour Imaa for Q in aultiplaa 
of 0.10. In a faw caaaa aaall claar araaa appaar in ragiona 
that show no statistically significant oiffaranca, 
nac ass I to 1 1 ng nuaaricol labals on tha (Contour linos. 

Tha aaps and c ross-ssc t i ons of significanca tovols 
should bo ORSoinad in conjunction with tha aaps of 
difforancaa batwaan anaaabla aaans, sinca thara can, of 





couPC*. b« no ctatiatical tignificanc* whara tba saan: ara 
axactly aqual. Statistical significanca la a rasult of a 
diffaranca batwaan two ansaabla aaans tnat is 1 arga coaparad 
ie tha ansaabla standard daviationsi iharafora, ihara can ba 
soaa casas whara diffaraneas too saall to bo physically 
inltrosting ara navarthalass statistically significant, and 
sowa casas whara vary ^a diffaraneas ara not significant. 
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■ 1. Th« affects of aountainss diffarancss batwaan run a2 and 

r 

run a3 

I 

i a. Horiaontal fields 

) 

In run a2 the SLP «ap (fig. 2s) shows highs over 
I Northern Haaisohare continents and lows over thosa in tha 

« Southern Haaispharst except for Rntarctica, where tha SLP of 

* i. 

^ 1005 Mb IS about tha ssMa as on tha surrounding oceans. 

Pressure gradients are generally saall and on the Northern 
^ Homispharo continents pressures era weaker then observed 

(fig. la). The Siberian and Canadian highs are cantered 
around 35 N, tha Riautian low is at the Baring Strait, and 
for the Icelandic low the 995 Mb isobar stretches from 

I 

Srendinavia almost to Greenland. 

In run «3 (fig. 3e) SLP gradients are I argar end the 
I pattern is more cellular. The pressure is increased over 

I tha Rrctic Ocean end the Northern Hemisphere continents, 

particularly over Greenland, where tha olevstad glacier 

I 

generates extremely low temperatures and, hence, excessively 
high sea-level pressures due to the method of reducing 
^ station pressures to sea level. 

In the SLP field of run w3, the Icelandic low is 


shifted teward the southwest, south of Creanland, relative 
to that of run ep, in agraament with the observed 
climatology, and the Rlautian low is similarly shifted to 
tha southern and of the Kamcha ka peninsula. Thus, the two 
lows are blocked by the mountainous continents from affecting 
tha atmosphere above the Rrctic Ocean, in contrast to run m2. 



where the SLP in tha Rrctic is too low. The westward shift 
of the Rlautian low in run e3 allows the Canadian high to 
extend, correctly, northwest towards Riaska. (Compare figs. 
2e and 3a with fig. la.) 
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In run «3 th* Siberian high is intansifiad and shifted 
northward by the terrain affect, as in Hanaba and Tarpstra 
1197m, allowing tha increase, noted below, in the 
precipitation in eastern China. This is qualitatively 
realistic but aKcassiva in aagnituda. (Coapara figs. 2a and 
3a with fig. la.) 

In the Southern Haaisphara, SLP is dacraasad over 
Africa and South America, and lows appear over tha highest 
mountains of Antarctica, between about 20 E and 90 E. Hast 
of Chile tha high pressure call is intensified, while east 
of Argontina tha high covers a smaller area in run a3 than 
run a2 . 

The 500 mb map for run m2 Ifig. 2bl shows patterns that 
era generally aonally symmatric outside of the tropics. In 
run a3 (fig. 3b) the ridge at northwastarn Europe and tha 
trough north of Japan are clearly visible, in agreement with 
the observed climatology. Over Antarctica, on the other 
hand, the 500 mb pattern has become excessively cellular in 
run a3. ICompara fig. 3b with fig. lb.) 

In the Southern Hemisphere the 500 mb heights show 
small differences in middle latitudes when mountains are 
included (fig. 7b), in agreement with the results of Hanabe 
and Tarpstra (197ii) . 

The 500 mb map for run w3 shows flow around the 
Himalayas which is absent in run m2. 

Errors in the 500 mb heights of the model compared to 
tha observed climatology similar to thosa noted in 
Christidis and Spar (1961) (i.a. a contour pattern that is 

too callular over southern Asia and too diffluent in the 



••stern North Rtlenttc) eppear in run «9 but are not soon in 
run «2. 

The incraasad Intensity of tha high ssa-lavat prassura 
call west of Chile in run s9 can also ba saan in tha ahortar 
vavalangths at tha saaa location on tha SOQ ab aap Ifigs. 9s 
and 9b) . 

Tha surface taaparatura aap for run s2 Ifig. 2c) shows 
wars areas centered around 25 S on tha continents and low 
taaparetures on the Northern Haeisphare continents. 
Taaparaturss on the oceans are lonelly syeeatriCt in 
accordance with the sea surface taaparetures which ara fiwad 
boundary conditions (fig. 6a). Tha nap for run a3 (fig. 9c) 
shows changes over tha continents that are aainly in 
•agnitudc. Rn awcaption is the sons) gradients that appear 
on Rntarctica in run o3. 

For both runs, tha asps of taaperature in tha layer 
balwaan 850 ab and 700 ab (figs. 2c and 3c) show warn air 
ovar South Raarica, Rfrica. and Rustralia. For tha Northern 
Haaisphara in run «2 gradients ara snail and tha continental 
lows ora weak coaporad to those of run o3. 

Tha air at tha surface of tha southern haaisphara 
continents is generally colder in run a3 than in run a? 

(fig. 7c) as a result of tha higher altitude. Howavar tha 
layer taaparatura (fig. 7a) is higher ovar all tha 
continents of tha suaaar hoa i sphere , a mc ap t for a snail part 
of Rntarctica, due to tha olavotion of the continental heat 
source . 

The awcassivaly large gradients of taaparatura in tha 
lower troposphere south of the Hinalayas In run s3 Ifig. 9a) 
ora absent in run a2 (fig. 2a). Tha diffaranco aap (fig. 


7*1 «ho«t colder eir in run o3 ever tho highost port of the 
Hiooloyot end ooroor olr in tho ourrounding oroos. 

In high lotitudos ever Eurosio ond Conodo tho 
iooporoturo ot tho surfoco IfiQ. 7c) ond in tho leoor 
tropoophoro (fig. 7o) is lower In run o3 duo to both tho 
higher oltitudo ond tho dry I n i 1 1 o I I lo t i on i over tho Arctic 
Ocoon, without tho oltitudo effect, tho tonporoturo is lower 
by 0 soollor ooount. Therefore, over tho Arctic Ocoon, in 
run o3, with its very high SLP rolotivo to run o2 Ifig. 7o) 
ond its only slightly lower tonpor o turo , the SOO ob height 
(fig. 7b) roMOins higher then in run o2, whoroos over tho 
surrounding continents whore tho SLP difference is not os 
greet (fig. 7o) , tho very low tooporoturo cousos o lorgo 
profsuro docrooso with height, so thot tho SOO mb level is 
lower. 

Precipitation in both run o2 (fig. 2d) ond run o3 (fig. 
3dl IS concontrotod on the continents in the tropicst noorly 
oil of North Aeorico ond Asia hove loss then 2 oim per day of 
prec I p i to t I on . An exception is the precipitation oexinu* in 
OS S' tern Chino in run s3, oiroedy expleined in connection 
with the SLP pattern. 

In run e3, the ores of oeKieuM proc i p i t o t i on in South 
Aoerico is intensified, shifted southward, ond expended in 
longitudinal extent. Two different factors coebine to 
explain this. 

In run w3 the subtropical high in the South Atlantic ii 
Beds unree I I s 1 1 c e I I y seell (figs. 3e end le), with e 
consequently decreesed effect on the southeastern pert of 
South Aeerice. This allows the ITCZ to eove too for south 
end the precipitation to be excessive (figs. 3d end Id). 



In addition, aa axplainad in Hanaba and Holloway 
11970). tha Rndai act at a barriar pravanting dry air 
originating in tha aubtropical high off tha coaat of Chita 
frea panatrating into tha intarior of tha coniinant. Hapa 
of tha aurfaca winda varify thia. ahowing tha aoiat 
northaaat tradaa in run o3 covarlng a largar araa ovar tha 
continant. bringing rain waat of 60 N. 

Tha araa of aaxiaua rainfall in tha aoutharn half of 
Africa ia intanaifiad and 1 1 I tad towarda a aouthwaat- 
northaaat oriantation in run o3 (fig. 3d), in I i na with tha 
aoun tains. 

Ovar tha northarn part of Rustralia tha araa of aaxiaua 
rainfall is shiftad toward tha plataau in tha wostarn half 
of tha continant; tha narrow aastarn highlands, which causa 
an actual rainfall aaxiaua, ara not rasolvad by tha coarsa 
grid of this aodal. 

Orographic pr ac i p i ta t i on is also prasant In Naw Cuinaa. 

Rraas of statistical significanca ara ganarally 
scattarad. Tha largast continuous araa of significanca is i 
tha tropics, Rsia, and high northarn latitudas for SLP Ifig. 
lOal. Surfaca air taaparatura diffarancas ara ganarally 
Significant only on tha continants (fig. 10c), as sight ba 
axpactad sinca saa surfaca tampara turas ara a fixad boundary 
condition. Otharwisa, largo diffarancas in ragionol 
cliootology that rosult froa tha addition of aountains to 
tha aodal ara statistically significant ovar all or part of 
oach ragirn in quastion (Coapara figs. 7b and 10b, figs. 7d 
and lOd, figs. 7a and lOo.) 

It is intarasting to notica hara tha isolatad araa in 
tha northwast Pacific, whara tha Riaution low is locatod in 
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run «3 Ifig. 3«) , for which thoro it no s to t i • t i c o I I y 
■ignificoni difforonco. Tho largo acala incraasa in 
pratsuro (fig. 7a) coabinas with tho ahiftod high and low 
cantors (figs. 2a and 3a) to rasult in no not chango. 

b. spharicsl haraonic analysis 

For all fiolds tha doainanca of a fow larga-scola 
haraonics is graatly dacraasod in run o3. raflacting tha 
aora coMular pattarns. Nona of tho aoon valuas ara 
c hangad . 

For SLP run o3 shows a doainont 1,0 haraonic which doas 
not appaar aaong tha loading haraonics of run a2, indicating 
tha corract axcoss of aass in tha wintar haaispharo in run 
•3, but also tha SLP raduclion froa olavatad tarrain. Tha 
appaaranca of it * ’,0 haraonic in run s3 coabinad with tha 
highor aagnituda and ravarsal of phasa of tho 2.0 haraonic 
raflocts tho unraa I i s t i c a I I y low prassura in tha Rrctic in 
run m2, with no c or r a sp ond i ng gradiant in tha southarn 
haaispharo. Tha h i ghar prassura in high northarn latitudas 
and tha lowar prassura in a i d- I a t i tudos and subtropics is 
rsflactod in tha strongar 3,G haraonic in run o3. This 
prassura gradiant con also ba soon in tha dacraasod 
aagnituda of tha 4,0 haraonic with its )B0 phasa, which 
Signifias highs ovor m i d> I a t i tudos and lows at tho aquator 
and at tha polos. 

Largar aast-wast diffarancas in run o3 ara raflactad in 
tho strongar 1,1 haraonic. Finally, for SLP, tha 3,2 
haraonic doas not chango, whilo tha 4,4 incraasas in 
aagn i tuda . 

For tha 500 ab haight, tha first thraa haraonics, 2,0, 



l»Ot and M|0, ara naarly th« for both runs. Tha aain 

difforanca in tha naxt thraa. 6.0. 7,0, and 8,0, ia tha 
targar aaplituda for tha 6,0 haraonic which raflacta tha 
lewar alavation ovar Canada and Sibaria and tha highar 
alavation ovar tha Rrctic and tha Hiaalayas. 

Incraacad affacta of tha continanta in run a3 ara ahown 
by aora doatnant 5,2, 6,2, and 7,2 haraonica for tha 500 ab 
haight. Tha 1,0 and 3,0 haraonica for tha 500 ab haight ara 
waakar, indicating a dacraaaad diffaranca batwaan tha north 
and aouth polaat in addition, a waakar 2,0 haraonic raflacta 
a aaallar po 1 ar -aqua t or i a I contract. Tha M,0 haraonic 
raaains tha aaaa. 

For tha 850 ab to 700 ab layar taaparatura tha 1,1 
haraonic has a larger aagnituda in run a3, raprasanting tha 
graatar contrast batwaan tha continants and tha Pacif-c 
Ocaant also I argar in run a3 is tha *i , 1 haraonic, 
c orraspond I ng to tha higher teaparaturas in run s3 over 
Craanland, southern Rsia, South Raarica, and tha eastern 
half of Rntarctica. 

The largar 1,0 and slightly I argar 2,0 haraonics in tha 
layer taaparatura for run s3 coabins to ravaal a north-south 
taaparatura gradient in tha winter haaisphara, possibly due 
to tha dry initialisation. 

For tha 650 ab to 700 ab layar taaparatura run a3 shows 
a larger 6,0 haraon i c , reflecting tha uaraar oir at 30 N and 
90 S and tha colder air at 60 N. Riso, the 8,0 and 3,2 
haraonica ara larger in aagn i tuda but they have aovad down 
I n rank . 
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aaridional c rocs-cac t i ons 


Th« ••ridtenal cros*-s«c t i oni of lenal ■••nf of lonal 
wind for run Ifig. 2g) and run «3 (fig. Sg) ara 

qual i ta t i va I y aiailar. Ona diffaranca is tha vaakar 
aid-latituda wastarlias in run a3 in tha Nertharn 
Haaisphara. but not in tha Southarn Haaisphara, in 
accerdanca with tha axchangs of angular aoaantua batwaan tha 
aarth and tha at'iosphara dua to tha torqua awartad by 
aountain rangas, axplainad by Mhita I19U9). This is nagatad 
soaawhat balow 200 ab by tha axcassivaly cold air at high 
tatitudai ovar tha continants, accoroiig to tha tharaat wmd 
aquation. Evan largar in aagnituda Is tha diffaranca in tha 
Arctic s tr a tosphar I c waatarlias, which ara waakar in run a3 
(fig. 7g) , dua to tha daviation of tha jat straaa froa an 
otharwisa alaost syaaatric pattarn as a rasult of flow 
around tha aountains, in agraaaant with tha rasults of 
Kasahara at. al. (1973). 

Tha tropical aastarlias ara strongar in run s3, 
aspacially around 200 ab, dua to tha convactiva haating that 
rasults froa tha intonsifiad Southarn Haaisphara Hadlay call. 

Tha c r o s s - s a c t I on s of taaparatura ara s i a i I ar for run 
■2 (fig. 2f) and run *3 (fig. 3f)| throughout aost of tha 
ataospharo tha diffarancas ara lass than ? dagraas (fig. 

7f) . Largar diffarancas occur in tha s tr a tosphara , 
particularly ovar tha Arctic, whara run a3 is as auch as 10 
dagraas waraar. Tha ataosphara of run o3 is also wararr in 
tha Southarn Haaisphara, aspacially ovar Antarctica, dua to 
tha alavation of tha continantal hast sourca. Tha pattarn 
of taaparatura diffarancas in tha stratosphara rasults In 
tha taaparatura gradionts raquirad by tha tharaal wind 
ralstionship for consistancy with tha diffarancas in lonal 


wind di«cu«««d abev*. ICoapara figa. 7f and 7g.) 

Tha atrongar Seutharn Naaiaphara Hadlay call in run a3 
ia avidant in tha croaa-aac t i ona of aaridienat wind Ifiga. 

2h and Sh) , which ahew a aora intanaa circulation for run aS 
than for run o2. Rbova about 800 ab. run o3 ahowa a 
southward ahift of tha ITCZ and of tha c orraapond i ng 
divarganca lona in tha uppar ataoaphara, conaiatant with tha 
aarliar diacuaaion of tha prac i p i ta t i on in South Rnarica. 

Tha highar Rrctic SLP for run a3, alao notad abova, can ba 
infarrad frow tha appaaranca of aoutharly winda at tha 
aurfaca cantarad around 70 N. 

Tha c rosa-aac t i on of vortical valocity for run a? Ifig, 
2il ahowa two distinct Hadlay calls with tha ascanding 
br-nchas aqual in intansity but with tha Northarn Haaisphara 
dascanding branch atrongar than its southarn countarpart. 

In run a3 Ifig. 3i) tha Southarn Haaisphara Hadlay call has 
grown whila tha ascanding branch of tha northarn call has 
waakanad. This i n tans i f i c a t i on of tha southarn branch of 
tha Hadlay circulation is a rasult of tha indiract rola of 
tha Rndas aountains in Incraasing tha pr ac i p i t a t i on in South 
Raarica, as discusssd abova, sinca tha highast part of tha 
Rndas is batwaan 10 S and 30 S, whara tha diffaranca 
c r os s - sac t i on shows an incraasa In vartical valocity. 

Tha dascanding air in tha northarn haaisphara has 
brokan into two calls in run s3, awtanding furthar north. 
This coabinas with tha appaaranca of an araa of aubsidanca 
avar tha Rrctic in run a3, conaiatant with tha highar 
aurfaca praasura, to causa a narrowing and a trang than i ng of 
tha ascanoing call cantarad at 67 N. Thara is also a largo 
incraasa in tha aubsidanca ovar Rntarctica, aspacially in 
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tha upper ataoephara Ifig. 7ll, dua to tha out 
high praaaura area craatad by tba haating free tha olovotod 
centinant. This con olao ba soan on tha diffaronco cross- 
■ action for aaridional wind Ifig. 7h) . 

R)l tna dtffaraneas in tanparatura ara a to 1 1 a 1 1 ca 1 I y 
aignificantt tha araaa of i na i gn 1 f i c one a on tha aignificanco 
c rois>aac t • on (fig. lOf) follow tha laro iaoplatha on tha 
diffaranco c r oaa-aac t i on Ifig. 7f) . 

1 1 '.o c or raapondanc a botwaan tha araaa of i na i gn i f t c one a 
for lonal wind (fig. lOgI and tha aaro laoploth on tha 
diffaranca c roaa-aac t • on for tonal wind (fig. 7g) la not aa 
cloaa. Oiffaroncaa ara aignificant north of 30 S in tha 
a tr a toaphora , and in tha tropoaphara only whara tha 
diffarancas ara larger than about 1.5 or 3.0 aatara par 
aoc ond . 
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11. Tha affacta of aurfaca phyalcai diffarancaa batwaan run 
a9 and run all 
a. heriionlal napa 

Tha aara araat on tha Southarn Haaiaphara centinants on 
iha aurfaca taaparatura nap for run »3 Ifig. Scl ara graatly 
waakanad In run ai| Ifig. Ucl, dua to tha Incraoaad 
avaporation, raaulting in aaallar tonal taaparatura 
gradianta. Tha diffaranca nap (fig. 8c) aho«a coldar air on 
0)1 tha centinanta batwaan VS S and VS N, waraor air on tha 
continanta batwaan about VS N and 70 N, and coldar air ovar 
tha Prc t i c . 

Tha anow covar in run all raachaa furthar aouth than in 
run a3i tha coldar araa naar Rfghaniatan In run al| Ifig. Be) 
la cauaad by tha highar albado rasulting froa tha nora 
awtansiva anew covar. 

Savarai diffarant factora coabina to influanca tha 
taaparatura ovar tha continanta north of US N. Tha nuaaroua 
but anall diffarancaa in huaidity, prac i p i t a 1 1 on . and 
cloudinaas. which affact tha radiation balanca and tha 
conv^ctiva haating, and in tha axchanga of haat with tha 
aarth*a aurfaca, ar# not aufficiant to aaplain tha 
diffarancaa in taaparatura, and in aoaa araaa indicata an 
influanca oppoaita to tha nat diffaranca In taaparatura. It 
la likaly, tharafora, that tha diffarancaa in taaparatura at 
high latitudaa rasult froa a graatar transport of haat froa 
tow and aiddia latitudaa. 

Tha SLf pattarn ia qua I i t a 1 1 va I y aiailar in run all 
Ifig. Va) and run a3 Ifig. 3a), with tha highs and lows 
raaaining at naarly tha aaaa locations. Tha lorgast 
diffarancaa ara in tha aagnitudas of tha Southarn Haaiaphara 
continanta) lows Ifig. Ba) , which show highar prasswra in 
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run •U. closer to tho obiorvod valuoo (fig. lo) , duo to tho 
•oollor difforoncoo tn tooporoturo botuoon land and sao at 
this latituda rotuittng free avoperotiva cooling on tha 
continanta. Seutharn Noaiaphora lenal 9LP gradtanta hova 
gonaralljr dacraasad. with tha high praaaura calls slightly 
vaakar. Tha high vast of Chi la. howavar, has soaawhat 
largo" raridional pressure gradients. 

Siailarly, in tha Nertharn Haaisphara, tha Rioutisn 
low. which IS slightly woakar in run oU, is lecatad in an 
eras of saallor lonsl lond-soo taaporatura gradiants. Tha 
Siberian high in run alt Ifig. Ital is aora conesntratod at 
its cantor near VO N than in run o3 (fig. 3a). coinciding 
with tha araa of lower surface taaporatura (fig. 8c). 

Tha asp of tanparstwra. for run aV, m tha layor 
batwaan BSO ab and 700 ab Ifig. Va) shows tha saao waalaning 
of tha Southarn Haaisphara continental wara areas as doss 
tha surface taaporatura asp Ifig. Vc). Tho diffaranca aop 
for tha layer toaparatura Ifig. 8a) also rasoablas tha 
Surface taaparatura aap (fig. 8c) awcapt that tha war* bolt 
around 60 N is weaker over Eurasia and aora concentrated at 
tha western side of the continent. 

Tha 500 ab aap for run oV (fig. Vb) shows ganarslly tha 
saaa pa. tarn as in run a3 Ifig. 3b). Noticasbia changes 
includo tha slightly lass d*ffluant pattern in tha North 
Atlantic and tha greater sc'al syaaatry over southern Asia, 
partial reversals of the unrealistic features in run aS that 
ears noted in tha previous section. Also showing a soaawhat 
grastor sonal syanatry is tha short wave pattern west of 
Chile. However, tha strengar low in aoatorn Curepa. north 
of tha Black Saa, is not in agraaeant with observation (fig. 
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Th« large araaa of le«ar elavatien on tha 500 ab 
diffaranca aap Ifig. Ob) ara dua to tha celdar sir in tha 
levar tropeaphara Ifig. Oa) . Le«ar alavatlen occurs evar 
tha Southarn Haaisphara cont;nantc in a bait naar 25 5, ovar 
tha (^’‘ctic, and evar aost of Rata, coinciding with tha levar 
iaaparatura in tha layer from 050 ab to 700 ab. 5iailarly, 
tha aiavation is higher evar nertharn Curepa and vastarn 
Canada, vhara tha air is varaar. 

Tha aap of prac ip i ta t i en for run o4 Ifig. lld) shovs 
aOKiauas clesa to those of run o3 Ifig. Sd1 , vith an 
additional aavivur at Indonesia. Increased avaperatien over 
land IS tha dovinant causa of tha greater prac i p I ta t i en in 
run oli. Ovar fiustralia tha higher evaporation aora than 
conpansataa for the higher albedo, in contrast to New Guinea 
vhara a lo«ar albedo accovpaniaa th« increased prac i p i t a t i on , 

In run ait the tropical Pacific shove a stronger and 
aora concentrated belt of precipitation around U N. This is 
caused by the higher huaidity tha northeast trades gain in 
thair passage over Mskico and Central Raarica, vhara tha 
evaporation is auch larger in run ali than in run aS, 
resulting in greatly anhancad cuaulus convection dovnvind in 
the tropical Pacific. Since tha southeast trades of the 
Southarn He* i sphere have no such vara continental aeistura 
source, the ITCZ is shifted northward over the ocaan. 

In South Raarica tha aap for run s3 shows two 
prac i p I ta 1 1 on aoKiauast in run all the eastern aaKiaua has 
vaafeanad while the western aaaiaua has strengthened and 
aovad aouthward. Bacausa of tha weaker subtropical high 
prassurs calls east and vast of South Raarica, the southeast 



tr»d«s ar* waakar, allowing tha northaati tradaa to 
panatrata furthar into tha continant, aoving tha ITCZ toward 
tha southwast in South Raarica. In addition, prac i p i to t i on 
hai ganarally incraaaad in tha northarn half of tha 
continant Ifig. 8d) , dua to tha highar avaporation. 

Tha araa of aaxiaua pr ac i p 1 ta t i on in Rfrica has oovad 
southward and aastword in run ali. Tha prac i p i ta t i on in run 
aS is orographic in Rfrica, causad by tha convarging aonsoon 
oindst in run aU, whara tha winds ara woakar d'ja to tha 
waakor high prassura calls, tha graatly incraasad 
avaporation ovar land, aspocially at tha southaast part of 
tha continant, is a controlling factor. 

Tha I arga diffarancas in taaparatura batwaan run s3 and 
run aU at the surfaca and in tha I ayar batwaan 850 ab and 
700 ab ara all statistically significant axcapt for tha 
highar taaparatura north of US N in run aU, which is 
significant only in small araas. (Coapora fig. 11c with 
fig. 8c. and fig. 11a with fig. 6e.) 

Similarly, tha diffarancas in SLP and SOO ab ha i gh t ora 
statistically significant in low latitudas, but only in 
scattarad araas at highar latitudas. ICoapara fig. 11a with 
fig. Ba, and fig. 11b with fig. 8b.) 

Tha larga diffarancas in pr ac i p i t a t i on ora ganarally 
statistically significant. (Coapara fig. lid with fig. 8d.l 

b. spharical harmonic analysis 

For SLP tha first two harmonics, tha 1,0 and tha U,0, 
ara naarly tha saaa for runs *3 and aU| all tha othors ara 
waakar, indicating ganarally smallar gradiants. Tha 1,1 
harmonic shows tha graotost dacraasa in magnitude in run aU 


b*cau«« of tho goal lor centraat batoaan tha tropical 
continantal Iowa and tha Pacific Ocaan. Tha highar praasura 
on tha eontinanta in tha tropica alao raaul ta in a soallar 
diffaranca batnaan tha aquator and tha polaa, raflactad in 
tha waakar 2.0 haraonic in run ali. 

Tha 5.U and U.M haroonica appaar aoong tha laading 
cooponanta of run o3 but not of run aU, indicating anallar 
tonal gradianta in run aU. Sinilarly. tha aaakar land-aaa 
contrast is shoan b^ tha aaakar 3,2 and 5,2 harnonies in run 
a4. Tha 4,2 harwonic has oovad up in rank but doan in 
nagn i tuda . 

Tha 3,0 haraonic is also aaakar in run o4, raflacting 
tha dacraasad diffaranca bataaan tha Northorn and Southarn 
Hao i sphar as . 

Tha ^irst tao haraonics for toapsratura in tha layar 
bataaan B50 ab and 700 ab, tha 2,0 and tha 1,0, ara about 
tho saao for runs a3 and a4, and tho othars ara aaakar, but 
to a lassor axtant than for SLP. Rs in SLP, tho 1,1 
haraonic for tha layar taaporaturo shoas tho graatost 
docraoso in aogn i tuda in run o4, raflacting tha saallar 
contrast bataaan tha aara air oaor tho tropical continonts 
and tha coolar air ovar tha Pacific. 

Tha 6,0 and 6,0 haraonics ara aaakar in run s4, 
raflacting tha I oaar taaparatura around 25 N and tha highar 
taaparatura around 60 N. Tha 7,0 and 3,0 haraonics, on tha 
othar hand, ara strongar in run a4, thair phasa of 180 
indicating coldar air ovar tha North Polo and in low 
aoutharn latitudas. 

Tha 3,2 haraonic ia waakar in run a4, raflacting tha 
aaallar lonal gradianta in tha Southarn Haaisphara, ahila 


tha Btpongar U.2 haraonic indicatas tha ralativaly coldar 
air ovar tha tropical continanta in run aU coaparad to run 
aS, and tha ralativaly aaraar air to tha north ovar Canada 
and Europa. 

Rs in SLP, tha 5,11 and haraonlcs do not appaar 

aaong tha laading coaponants of run aU, as thay do in run a3, 
indicating saallar tonal taaparatura gradiants in run aM. 

Sinca tha largar diffarances in 500 ab haight ara dua 
to tha varaar air in tha lovar troposphara. aany of tha saaa 
faaturas can ba taan in tha haraon i c coaponants for 500 ab 
haight and for taaparatura in tha layar froa 650 ab to 700 


ab . 

Fo! 

500 mb 

haight tha first 

thraa 

harmonics, tha 2,0, 

1.0, 

and 

4,0 ara 

tha samai tha 6, 

0 and 
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• 4, 
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tha 7,0, 

3,0, and 4,2 ara 

s tr ongar . 


Tha 5,2 harmonic is largar in aagnituda in run aU, as 
IS tha 6,2, but by a smallar amount, raflacting tha highar 
alavation ovar Canada and northarn Europa, and to tha south, 
a h I gh ovar tha Pacific and lovs ovar Rsia and tha Unitad 
S t a t a s . 

Tha 5,3 IS vaakar in run aij, raflacting tha smallar 
contrast batvaan tha lov latituda continants and ocaans. 

c. vartical c r os s- sac t i ons 

Rithough tha c ross-sac t i ons of tonally avaragad 
taaparatura for runs s3 Ifig. 3f) and run alj (fig. I4f) 
appaar almost idantical, thara ara varaar and coldar araas 
that ara visibla on tha diffaranca c r oss - sac t i on (fig. 8f). 
In tha lovar troposphara aany of tha faaturas ara tha saaa 
as thosa of tha horitontal taaparatura aaps discussad abovs, 
vhich ara ganarally tonally syamatric. 



24 


1 

about <40 N and 45 S graatar avaporatien ovar 
tha continants in run a4 cools tha ataosphara up to about 
700 ab, «h i 1 a abova that laval incraasad convactiva haating 
rasults in aaraar air. 

Tha aaraar araa bataaan 43 N and 65 N at tha surfaca, 
aaakaning upaards to about 300 ab. and tha coldar air north 
of 65 N in tha loaar troposphara ara tha rasult of tha 
coabination of factors discussad in connaction with tha 
horisontal aaps. Rbova 300 ab tha air is coldar north of 35 
N and, by a saallar aaount, south of 51 5. 

Tha c ross'sac t i on of sonally avaragad vartical valocity 
for run a4 (fig. 4i) shows two distinct Hadlay calls 
cantarad at 4 N and 20 5 as in run s3 (fig. 3i), but in run 
aU tha two ascanding branchas ara aqual in intansity, in 
contrast to run a3, whara tha southarn branch is strongar. 
Tha Northarn Haaisphara dascanding branch cantarad at 20 N 
is also strongar in run a4. This is a consaquanca of tha 
northward shift of tha ITCZ ovar tha ocaan notad on tha 
hor I ion to I aaps . 

R coaparison of tha diffaranca aaps for vartical 
valocity (fig. 8il and for taaparatura (fig. Bfl ravaals 
that in high northarn latitudas whara tha taaparatura is 
lowar at around 35 N naar tha surfaca up to 51 N in tha 
uppar troposphara, tha subsidanca is aoro intansa, and 
furthar north, whara tha air is waraar, tha ascant is 
strongar, indicating that tha strongar circulation is 
thar aa I I y dr i van . 

Tha c ross-sac t i on of aaridional wind for run a4 (fig. 
4hl shows tha saaa pattarn of north and south winds as in 
run o3 (fig. 3h) awcapt for a northward shift froa 16 5 to 



the aquatop of tha aeutharly winds at tha surfaca. Tha 
Hadlay circulation for run alj shows saallar aaridional 
gradiants naar 20 S, indicating lass spaad convarganca and 
divarganca, whila tha ravarsa is trua naar tha aquator, 
censistant with tha aovaaant of tha ITC2 ovar tha ecaan 
notad abova. 

Tha cross-sac t i on of lonal wind for run aU Ifig. >lg) 
shows waakar aquatorial aastarlias coaparad to run o3 (fig. 
3gl , and strongar Northarn Haaisphara wastarlias. Tha 
diffarancas in sonal wind batwaan run s3 and run alj (fig. 

Bg) can ba undarstood as a rasult of tha diffarancas in 
taaparatura, according to tha tharaal wind aquation. For 
awaaplai tha strongast avaporativa cooling is at 20 S in tha 
lowar troposphara. which is tha bordar batwaan tha waakar 
aastarlias cantarad at 8 S and tha waakar wastarlias at 31 
S. Both of thasa affacts dacraasa in tha uppar atwosphara, 
whara tha convactiva haating ravarsas the waridional 
gradient on the taaparatura difference c r oss-sac t i on (fig. 
Bf). Similarly, tha increased intensity of the wastarlias 
in the Northarn Ham i sphere is strongest at high levels, 
batwaan tha colder air at middle latitudes and tha warmer 
air in the tropics. 

Tha differences in tamparatura and vertical velocity 
era statistically significant in tha tropics but ganarally 
not at high latitudes. Tha lower tamparatura and increased 
Bubsidanca in middle northarn latitudes ora statistically 
Significant. (Compare fig. Ilf with fig. Bf, and fig. lli 
with fig. Bi.1 

Tha largest diffarancas in sonal wind and In aaridional 
wind era significant at low latitudes but only partly so at 
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latitudas. (Ceapsr* fig. llg with fig. 
th fig. Oh . ) 


Bg. and fig. 



111. Tha affacta of non>ienally ayaaatric SSTi diffarancat 


batvaan run atl and run aS 
a. horiiontal aaps 

Tha aap of raaliatic SST of run aS Ifig. 6b) ahoaa tha 
affacta of ocaan curranta. in contraat to run aM in ahich 
tha SST ia lonally ayaaatric Cfig. 6a). Tha ocaan ia aaraar 
In run aS Ifig. 6c) froa tha Caribbaan northaast to tha 
coaat of northarn Europa by tha influanca of tha Gulf Straaa 
and coldar on tha northaaat coaat of North Raarica aa a 
rasult of tha Labrador Currant. Siailarty, tha aar« 

Kuroahio Currant avtanda i ta influanca to tha Gulf of 
Rlaaka, whila tha northwaat Pacific ia coldar in run aS 
bacauaa of tha Gyaahio Currant. In tha aublropica tha 
curranta flowing towarda tha aquater on tha waat coaata of 
tha continanta result in lowar taaparaturoa in run aS. 

South of 30 S tha ocaans ara ganarolly wariRor in tha Pacific 
and coldar in tha Atlantic and Indian Ocaana. 

Noat of tha diffarancaa in aurfaca air taaparatura 
coincida with those of SST. Tha taro dagraa isotharm ia 
Bhiftad northaaat in tha North Atlantic in run aS Ifig. Sc) 
along with tha largo taapar a tura gradient to tha north, 
producing taaparaturoa aa such aa MS dagraaa waraar north of 
Scandinavia Ifig. 9c). Thera ora a nuabar of aachaniaaa 
raaponsibla for tha greatly incraaaad taaparatura. Incroaaad 
evaporation froa the open ocaan, which was froaan in run aM 
at th I a location, raaulta in a graator cloud rover at all 
)*vala, trapping tha greater long wave radiation froa the 
ocean which la woraar in run o5 by aa auch aa 6 dagraaa 
Ifig. 6c). Thia la in addition to tha incroaaad tronafar of 
aanaibla haat froa tha ocean and by advaction froa tha aouth 
(cf. SLP aapa, below). Thia affacta tha whole Arctic region. 
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•o that taaparaturaa ara ganarally waraar north of about 
70 N (fig. Oc) . 

Tha coldar araaa on tha continanta and ecaans to tha 
south ara doainatad by tha ica-covarad Baring Soa, Saa of 
Okhotsk, and Hudson's Bay, which ara not froian in run sVt. 
Taaparaturas ara also lowar by 2.S dagroos ovar tha ocaans 
wast of tha continants at 20 N and 20 S, and south and 
southwast of Rfriea around 50 S, in accordanca with tha 
lowar SST. Tha air is waraar ovar a larga part of tha 
Pacific south of SO N, particularly southwast of Now 
Zaa I and . 

In run sS tha Riautian low has dacraasad in siia and 
daapanad, whila tha opposita changas hava occurrad in tha 
Icalandic low Ifig. 5a). Howavar, in both casas, which ara 
in batlar agraaaont with tha obsarvad cliaatology (fig. la), 
tha diffarancat in prassura ara causad by tha diffarancas in 
taaparatura (figs. 9a and 9c). Tha coldar air ovar tha 
ica-covarad araas north and wast of tha Riautian low rasult 
•n highar SLP, causing tha low prassura cantar to shrink on 
its wastarn sido. Tha graatast dacroasa in -rassura occurs 
north of Icaland and Scandinavia, whara tha surfaca 
taaparatura is Much highar. This allows a nor thaas tward 
anpansion of tha Icalandic low and of tha araa influancad by 
tha wars sou thwas tar I y winds on its aastarn sida. 

Throughout oost of tha globa south of US N, SLP 
diffarancas ara saall (fig. 9a). Rn incraasa in prasiura 
froa 995 ab to 1000 nb on tha wast coast of South Roorica 
(figs. Ua and Sa) is causad by tha lowar taaparaturas (fig. 
Bel. Southwast of southsrn Rfrica tha high prassura call is 
strongar whara tha taaparatur ■ is lowar. 
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The mmp of tooporoturo in iho layer froa 850 ab to 700 
Bb for run o5 Ifig. So) rasoBbloe the oap of surfoca air 
iaapopatura for run oS Ifig. 5c). Tha diffaranca aap ahova 
tha aaao araaa of diffaranca batvaan runa ai4 and a5 for 
layer toMporotura Ifig. 9a) and aurfaca taaparatura Iftg. 

9c) but tha aagnituda of tha diffarancaa era auch laaa 
furthar fron tha aurfaca. 

Tha aap of 500 ab height for run a5 Ifig. 5b) coaparod 
to that of run aV Ifig. Ub) ahowa a auch aora diffluent 
pattern over tha North Atlantic and northern Europe and Raia 
and a higher aaplituda long wave pattern in tha Northern 
Haaiaphara, higha- than tha observed Ifig. lb). R closed 
loM appears over tha Arctic around 150 E. R coapariaon of 
the 500 ab aap aith tha layer taaparatura aap for run oM 
Ifigs. Ub and Ual and run o5 Ifigs. 5b and 5a) shows, for 
each run, tha saaa long wave patterns in high northern 
latitudes on both aaps, and in run s5 tha closed low around 
150 E on both aaps. Tha 500 ab aap for run aU Ifig. ilb) 
shows a high in tha eastern Atlantic west of Europe and a 
low at the east coast of Asia. Tha realistic SST pattern 
that IS included in run a5 Ifig. 6b) has a siailar 
structure, resulting in an aap I i f i c a t i on of tha wave in high 
northern latitudes on tha 500 ab aap for run aS Ifig. 5bl . 

In tha Southern Haaiaphara a slightly higher aaplituda 
aava which can ba seen around 60 S on tha 500 ab aap for run 
o5 appears to have a siailar causai tha surface air 
taaparatura aaps show a higher aaplituda wave for run a5 
Ifig. Sc) than for run aVI Ifig. Me) at this latitude. 

In tha Northern Haaiaphara tha difference aap for 500 
ab height Ifig. 9bl shews a pattern siailar to that of the 



diffaranc* aap for taaparatura bataaan 850 ab and 700 ab 
fftg. 9a) t Ovar aoat of tha Southarn Haaisphara run aS has 
highar alavatiens than run ali, tha largast diffaranca baing 
60 aatars southwast of South RaaricOt in conjunction a i th 
tha highar aapi i tuda wava. Tha ganarally highar alavatton 
is dua to tha aaraar taaparaturas in tha Southarn Haaisphara 
that can ba saan aost aasily on tha vartical c ross-sac t i on 
of lonally avaragad taaparatura discussad baiow. 

Tha prac i p i ta t i on saxiaua in run aU on tha aast coast 
of South Raarica around 20 S Ifig. Ud) has baan raplacad In 
run aS by ona on tha aquator at tha cantral part of tha 
continant (fig. Sd) , rasulting in saallar aaridional 
gradiants. Tha pr ac i p i ta t i on ovar tha aastarn Pacific is 
aora uniforn in run s5 than in run aU, whara it is 
concantratad in a band north of tha aquator. Bihar faaturas 
ara qua 1 i ta t i va I y siailar for both rum, axcapt for an 
axtansion of tha pr sc i p i t a t i on ovar tha North Rtlantic 
toward tha northaast along with tha Icalandic low. 

Rraas of highar SST in run a5 Ifig. 6c) rasult in 
highar avaporation fro* tha ocaans and 1 owar stability of 
tha ataosphara abova, with coldar SST showing tha oppos i ta 
offacts. Prac i p I ta i I on has dacrasssd in run s5 (fig. 9d) on 
tha wast coast of South Raarica, tha aast coast of Rsia, and 
on tha Soaali Panmsula, whara tha SST is lowar, and has 
incraasad ovar tha wastarn Pacific, tha Indian Ocaan, tha 
Rrctic north of Scandinavia, and tha Hast African coast, 
ahara SST has incraasad. Rn oxcaption is tha aast coast of 
South Raarica, vhara tha prac ip i ta t i on has aovad northward 
as a rasult of tha strongar circulation around tha high 
prassura call in tha South Atlantic, which liaits tha 
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Influcnc* of tho aoiit northoast tradaa to tha northarn part 
of tha c on t • nan t . 

Tha prac i p i ta t I on Is loss in southarn Rfrica in run aS 
ifig. 9d) . This, and tha docraasa in prac i p i ta 1 1 on a*i tho 
Soaali Panintula, rasult fron tha fact that in run aS thara is a 
raolistic Monsoon circulation (not shonn) . which appaars to bo 
causad by tho changas in SST (fig. 6c], an influanca suggostad 
by Saha (1970) . Rround 60 E on tho aqualor, winds aro froa tho 
southaast in run ali, wharaas in run aS thay turn from northoast 
to northwast as thay cross tha aquator. This has tho offact of 
divorting tha rain froa tha Rfrican continant to tha Indian Ocaan. 
In addition, tha winds ovar tha Soaali Paninsula originata ovor 
tho Indian Ocaan in run alj whila in run aS, in agraaaant with 
ebsarvation, thay coaa froa tho northoast ovar Rsia. 

Oiffarancas in surfaco air taaparatura froa run ai4 to 
run aS of 2.5 dagroas or aora ara statistically significant 
OKcapt for a faw aroos at high northarn lati tudas. (Coapara 
fig. 12c with fig. 9c.) Tho faw araas whara SLP is 
difforant by U ab or aora or whara pr ac i p i t a t i on has changad 
by 2.5 am/day or aora all show statistical s i gn i f i c one a . 

(Coapara fig. 12o with fig. 9a, and fig. 12d with fig. 9d.l 
Oiffarancas in taaparatura batwa«.) 850 ab and 700 ab 
•ra statistically significant. (Coapara fig. 12a with fig. 

9a. ) Tha only araa whara diffarancas in 500 ab haight ara not 
significant is in tha Rrctic north of 75 N froa bibaria 
• astward to northarn Canada. (Coapara fig. 12b with fig. 9b. I 

b. sphorical haraonic analysis 

Tha lowar SLP at tha Rrcl'C in run a5 coaparad to run 
sU and tha highar prassura around 60 N ara raflacted in tha 


changes in the lanalty syaastrlc haraonics. Tha 1|0 
haraonic has dacraasad in aagnituda and tha StO la na langar 
aaang tha leading caapenants in run s5. raflacting tha lavar 
prassura at tha Arctic, vhtia tha incraaaa in aagnituda ef 
tha II. 0 haraonic indicates a greater centrast batwaan aiddia 
latitudes and tha pole in tha Northern Haaisphara. Tha 2.0 
haraonic has grown at the axpansa ef tha B.O. indicating 
that tha aaridienal gradients of SLP are deainatad by long 
wavelengths to a greater dagraa than in run all. To a lesser 
extant this is also raflactad in tha strengar 3.2 and II . 2 
haraonics in contrast to the weaker 5.2. The strengar 2,1. 
and 3,1 haraonics siailarly reflect long wavelength 
aaridional gradients in contrast to tha waakar 1,1 haraonic. 

The stronger 2.2 haraonic reflects the aora oxtansiva 
continsntsi highs and the lowar pressure on tha oceans in 
aiddia latitudes in the Northern Haaisphara. 

Tha two loading coaponants for taaparatura batwaan 850 
ab and 700 ab, the 2.0 and tha 1,0, are nearly tha saaa for 
runs all and aS, tha IBO phase ef both indicating low 
taaparaturas in the Arctic. The waraar air in tha Arctic in 
run aS dacraasas the short wava aaridienal taaparatura 
gradiants, raflactad in tha saallar aagnituda cf tha 8,0 and 
7.0 haraonics. The diffaranca aap shows waraar air at 30 S 
and 30 N, colder air at 60 N, and waraar air at 90 N in run 

t 

aS. raflactad m the higher aagnituda of tha B.O haraonic 
with a phase of 0 and the lower aagnituda ef tha 3,0 
haraonic with a phase ef 180. 

s 

Tha largest diffarancas in taaparatura in tha layer 
batwaan 850 ab and 700 ab are tha waraar area around 
nertharn Europe and the colder area cantered at the Baring 


raflactad In th« stronger 3,1 and 2,1 horoenlcs In run 

oS. 

Tho 3.2. 6.2. ond U.2 horoenlcs hove oevod deen in ronk 
in run s5 ond tho S.2 hos oovsd up. but tho only considsrobts 
chongos In nsgnitwdo ore o sosi) incroose of the 3,2 ond o 
sool I docrosio of tho U.2. 

Tho oojor Chongs In tho sphoricol horoenic cevpenonts 
for 500 Ob height is ths oppooronco ooeng tho looding 
ceoponontt in run oS of tho 4.1. 3.1, 2,1, ond 5,1 horoonics. 
reflecting tho higher olovotionf in high northern lotitudos 
fro* 60 N oostoord to 120 E ond tho lever olovotiens froo 
120 E oostvord to 60 N. 

Tho stronger 1,0 horoonic in run o5 indicotos gonorslly 
higher olovotiens in tho Southern Nooisphoro. The stronger 
6,0 with o phoso of 0 end the weoKor 3,0 with o phoso of 
160, oiwilsr to the 650 eb to 700 eb teeperoture coeponents 
described obove, reflect the differences in 500 ob height 
thet ore genereted by the woreer eir between 650 eb end 700 
eb. The leoding coeponent. the 2,0, which indicotes lows et 
the poles end e high et the equetor, is the soee in run ell 
ond run s5, os in the loyer teeporeture. while the higher 
elevetion ot the Arctic is reflected in the seeller eognitude 
of the 7.0 end 6,0 hereonics, indicating decreased short wave 
oeridionel grodients. 

The 6,2, 5,2, end 4,2 hereonics hove eoved down in 
ronk. but the 6,2 end 5,2 hove increased m eegnitude, 
reflecting the higher oeplitude of the doeinent wowe nueber 
2 in the Northern Heeisphere, The 4,2 shows only e seel I 
increase in eegnitude. The seell decrease in eognitude of 
the 4.0 horeenic indicotes the lesser leportence of the 
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■enally ayaBatric haraonica <n run aS. 
c. vartical c r oaa>aac t i ana 

Tha vartical craaa-aac t • on af taaparaturo for run oS 
ffl 0 . 5f) ahawa a aaallar aaridlanol gradiont naar tha 
owrfaca at 70 N than in run aW Ifig. Vf ) • or d a largar 
aaridianal grodiant in tha atrataaphara narth af US N, but 
ihaaa faaturaa ara aara aaoHy aaan an tha diffaranca 
c raaa-aac 1 1 an Ifig. 9f) . Naar tha aurfaca tha aaraar air 
cantarad at 7U N and tha celdar air juat ta tha aauth hova 
alraady baan aaan an tha hariaental aapa. Tha raaaer far 
tha auch varaar air abova 900 ab at aiddia nartharn 
latitudaa will ba givan balew in cannactlan « i th tha 
c ref a-aac t i ona of vartical velocity and aaridianal wind. 

South of UO N tha antir# tropoaphara la aaraar in run 
aS than in run aU by laaa than t.S dagraas. Tha na t raeuM 
af tha incraaaaa in avaporation m run aS ahara tha S'JT ia 
higher and dacraasae ahara tha SST la loaar ia a greater 
avaporation in tha Southern Haaiephara, ahich cauaaa a 
greater heating by larga-acala condanaation aufficiant to 
incraata tha avaraga taaparatura of a large part of the 
a taoaphara . 

In run aU air la daacanding over tha Prctic (fig. Ui), 
in agraaaant uith nature. Thia la replaced in run aS Ifig. 
Sil by atrong aacanding notion ahich la a raault of tha 
heating and lover praaeura ai tha aurfaca aaan an tha 
hariaental aapa. Thta oacondmg aotian, tegathar vith tha 
groator avoparatien at tha aurfaca. raeulta in a roloaaa of 
latent heat narth of 70 N that la I293( higher in run aS than 


in run aU. 


The d«*c*nding air in aiddla northarn latitudas axtanda 
furihar north, pait 60 N at 900 ab, in run «S dua to tha 
coldar air and highar SLP aaan on tha horisontai aapt at 
this I a t i t uda . 

Tha Hadlay circulation in run aS is aora uniforaly 
distributad batvaan 12 N and 27 S than in run all, whara 
thara ars two distinct calls of ascanding air. This 
raflacts tha aora unifora pattarn of pr ac i p i ta t i on in run o5 
notad abova. 

Tha vortical cross~sac t i on of aaridional wind for run 
aS Ifig. Shi shows inflow to tha Rrctic at tha surfaca and 
northarly flow aloft, in contrast to tha c ross-sac t i on for 
run all (fig. Uhl which shows outflow at tha surfaca. This 
is tha ravorsal of tha Rrctic circulation that rasults in 
tha waraop air abova 300 ab at a i d- 1 a t i tudos that was 
discussad abova. 

Tha southorly flow abova 500 ab in tha Northarn 
Hoaispharo Hadlay circulation raachas s saallor aaxiaua in 
run aS. in agraaaant with tha lass concantratad ascanding 
air notad abova. Otharwisa tha aaridional winds ara s i a i I ar 
for both runs (fig. 9hl . 

Tha c ross-sac t i on of zonal wind for run aS (fig. 5gl 
shows a waakaning and a northward shift abova 150 ab of tha 
aaxiaua wastarlias in tha Northarn Haaisphara. This can ba 
saan, by coaparing tha diffaranca c ross -sac t i ons of zonal 
wind Ifig. 9g) and of taaparatura (fig. 9f), to ba duo to 
tha waraor air in a i d- I a t i tudos , according to tha tharaal 
wind aquation. Siailarly, tha wastarly aaxiaua in tha uppar 
troposphara at 70 N in run all (fig. Ug) is naorly absant in 
run a5 (fig. 5g) . a rasult of tha waraar air ovar tha Rrctic 
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Suaaary and cenclustens 

In run a3 tha addition of aeuntains influancas tha 
cliaaia in two «aysi taaparaturaa ara affactad by tha 
alavatad haat and cetd seurcas raaulting froa tha ganaral 
uplift of tha continants abova aaa lavali tha aountaina 
alto act aa barriara, divorting or alewing tha winda. Rt 
both aaa lawal and 500 ab, aountaina cauaa aora callular 
pattarna and Northarn Haaiaphara higha and Iowa ara aovad 
cloaar to thair corract peaitiona, but in aoaa caaaa thaaa 
changoc ara axcaaaiva in aagnituda. Tha aountain barriara 
alao hava a conaidarabla affact on tha precipitation 
pattarna. Rdditionai diffarancas batwaan runa a? and «3 
ara dua to tha dry iaotharaal initialisation in run a3, in 
contrast to tha hor i son ta I I y , but not vartically, unifora 
aoist initialisation of run m2. 

Although tha affacta of aountains on tha aodal 
cliaatology ara ganarally qua I i ta t • va I y corract. tha 
rasulting cliaata is not always a battar siaulation of 
na t ur a . 

In run aU raalistic ground watar storaga and surfaca 
albado ara addsd. Tha foraar is tha doainant faatura, 
•nfluancing surfaca taaparaturas and precipitation patterns 
over land dua to tha increased evaporation froa the ground. 
The awailar sonal land-saa taaparatura diffarancas result 
in weaker Southern Haaiaphara continental lows and oceanic 
highs. In tha tropics tha greater evaporative cooling naar 
tha surfaca in run sU changes to a graatar convective 
heating at higher levels. 

Tha addition of raalistic surfaca physics does not 
affact tha nodal cliaatology to as large an extant as tha 
addition of aountains. 
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Hith realistic SST *s and saa iea covaraga added in run 
aS. the influences of aonal SST gradients on cllaata era 
siaulatad. The largest differences between runs and aS 
are the surface air taaparaturas in areas where the 
Northern Hanisphara saa ica boundary has changed. These 
and other changes in tawparatura, and the resulting changes 
in SLP and 500 ab height, bring the nodal clinatology 
closer to the observed, but in sona cases tha changes era 
esc ess i va . 

Precipitation is influenced by tha changes in 
evaporation from tha oceans and In tr? stability of the 
atnosphara above which result from changes in SST. Tha 
lonal SST gradient in the Indian Ocean in run eS 'results in 
a realistic monsoon circulation. 

Tha only major change in run a5 that is not at laast 
qualitatively realistic is tha ravarsal of tha circulation 
at high northern latitudes, with air ascending over tha 
Rrctic in run a5. Otherwise, tha departures from aonal 
symmetry of tha SST field result in a batter simulation of 
tha real atmosphere. 
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Fig. ic Observed surface air temperature (Celsius) for 
January, from Schlesinger and Gates (1979) 
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Fig. Id Observed precipitation ra^e (mm/day) for December, 
January, and February, from Schlesinger and Gates (1979) 
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